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THE LANDES AND DUNES OF GASCONY 
BY COLLIER COBB. 


Closely resembling our own Atlantic coastal plan in physio- 
graphic feattres and in geological history as well, the region known 
in France as ‘‘Les Landes de Gascogne’’ possesses a peculiar 
fascination for the traveller who is more than a tourist, to him 
who would learn how man gains the mastery over nature, instead 
of remaining a mere creature of his environment and the slave of 
circumstances. 

The French Landes extend over the department which takes its 
name from them, include half of La Gironde, and take in a cor- 
ner of Lot-et-Garonne, occupying in all about five thousand four 
hundred square miles, or something less than three and one half 
million acres. They are bordered on the west by a line of sand- 
dunes extending along the Bay of Biscay for a hundred and fifty 
miles, from the river Gironde to the mouth of the Adour at the base 
ofthe Pyrenees. Thissandy moor is thus bounded by the ocean, the 
Adour, the cultivated heights of Lot-et-Garonne, and the vine- 
yards of Bordeaux lying along the Gironde. 

The region is an old sea-floor, for a long time covered by the 
waters of the Atlantic and receiving the waste of the land, which 
was spread with evenness over its area. This has been lifted 
above sea-level to a height averaging 160 to 190 feet, declining 
gently on the northeast toward the Gironde and the Garonne, on 
the west toward the sea-shore lagoons become fresh lakes, and on 
the south toward the river Adour. The uniformity of this great 
plain is so marked that highways and railways run prevailingly in 
straight tangents, and from La Mothe to Labouheyre there isa 

(82) 
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stretch of the Bordeaux-Bayonne Railway without curve, excava- 
tion, or embankment, for twenty-eight miles. The extraordinary 
retilinear quality of the shore-line is due, first, to the smoothness 
of The Landes and, second, to the mature action of a powerful sea. 

The sands along the coast, and the alluvium bordering the 
Garonne-Gironde river and that along the Adour as well, are class- 
ed by geologist as quaternary; though these sands, those brought 
down by the rivers and those washed up by the sea, show from 
their mineral composition that they are derived largely from the 
pliocene deposits that cover so large a partof theinterior. Inland 
from this coast strip the surface is practically all pliocene, though 
the streams nearly all cut down to miocene and oligocene; some 
of them reach eocene, which is seen along the tributaries of the 
Adour, and others cut down even into the cretaceous. We thus 
have a heavy series of stratified deposits, clay, sands, and gravels, 
and a calcareous marl known locally as tufa, this last making a bed 
even more impervious than the a/ios. Theclein sands, greater in 
thickness than any other member of the series, are between the im- 
permeable strata, are water-bearing, and may be reached by deep 
wells, but not every bed of sand bears water fit to be drunk. 

The topographic features of The Landes may be described by 
calling the region a vast savanna, using the word as itis found 
today in popular use in the Carolinas, Georgia, and Florida. This 
extensive sand-flat is so poorly drained that it is nearly every- 
where boggy in wet weather, though frequently dry and ‘‘crusty’’ 
in dry weather. Consequently, Schimper’s definition of savanna, 
as xerophilous grass-land with insolated trees, is applicable to 
even the greater part of this area, since, however boggy it may be, 
it bears xerophilous vegetation, indicating what the ecologist terms 
physiological dryness. It is now well recognized by students of 
soils that drainage may increase the available soil-moisture. 
When the subsoil is too close and too fully saturated with water to 
permit the roots of plants to penetrate it, as is the case in The 
Landes, the roots are forced to develop in so limited an amount of 
soil, that in time in of drought, when plants demand much mois- 
ture because of their rapid growth, capillary action is not able to 
upply the moisture from below as fast as it is needed, and the re- 
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Fig. 2. An Old Shepherd With His Flock. 
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sult is that the stratum of soil occupied by the roots becomes so dry 
that plant growth is impeded, 

The American of our own Southern Atlantic states would de- 
scribe The Landes as an extensive savanna dotted over with po- 
cosins of considerable size. The pocosins stand at a distinctly 
higher level than the savanna, and are forested with pines (P. 
Pineaster), though poorly drained. In the larger pocosins 
there are low places where the water stands in ponds in wet 
weather. The pocosins have little or no underbrush and are 
relatively free from flowering plants, while the savanna is covered 
with shrubs, ferns, the golden-flowered broom, and in spring and 
autumn is bright with flowers of various hues. When viewed 
from almost any point, The Landes present a dark horizon-line of 
pines. There is not an oak, or a beech, ora popular, not a single 
broad-leaved tree of any kind to be seen on the sandy wastes. 

There is also a marked absenee of animal life in the region of 
The Landes.* ‘There is rarely a bird to be seen, except as the sea- 
birds seek the shelter of the marshes and brackish lakes behind 
the dunes next the shore. And the quadrupeds are every bit as 
scarce, except for sheep tended by shepherds and even shepherd- 
esses. These sheepherders stand above the moor, giants in 
height, but witches and warlocks for slenderness, being nearly as 
high as their pole-and-mud huts whose roofs are thatched with 
rushes. But a second look shows that these tenders of sheep are 
rather under-sized men and women perched upon stilts that in 
many cases lift them five feet from the ground. 

Besides sheep there are some cattle and an occasional herd of 
marsh ponies, wild horses like the banker-ponies of the Carolina 
coast, whose hunting is as much a public ceremonial as the pony- 
pennings in the neighborhood of Beaufort. And those hunts are 
now as rare in Gascony as in Carolina, though one may see the 
little animals anywhere caught and tamed. 

The marshy condition of The Landes, consequent upon im- 





*This discription applies to the coastal plain portions of Mississippi and 
Alabama. See Hilgard, Geol. and Agr. Miss., pp. 370-371; Harper, Torreya, 
VI. 204 (Oct. 1906); Hearn and Carr, Soil Survey of Biloxi Area in Field 
Operations of Bureau of Soils, 1904, pp. 353-374. 
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perfect drainage, is due chiefly to an impervious layer of com- 
pacted sand occuring but a short distance beneath the surface. 
This agglutinated sand, generally of a rusty color and bearing a 
close resemblance to ferruginous sandstone, is known as alios,t 
and owes its color and firmuess to the continual infiltration of 
Tain-water, which ‘‘carries into the ground various organic sub- 
stances in a state of solution, and ilends them intimately with 
arenaceous particles. (Reeius).’’ But in the more marshy dis- 
tricts the alios is actually a sandstone, in which the cementing 
material is iron oxide. This bed of alios is generally the hardest 
where it is least thick; it underlies practically the entire area of 
The Landes, and is completely impervious to water, 

The free exit of water from The*Landes to the sea is prevented 
by the combined action of the southward-going shore current, 
which forms a bar of sand running parallel with the coast from 
north to south, and the great sand-waves and dunes, marching in- 
ward before the prevailing westerly winds, encroaching upon 
Landes and swamps, and often overwhelming entire villages. 

Now the region has been largely drained, and there are fewer 
solitudes where the Landescot must use stilts to cross the swamps 
and look after his flocks, this method being confined at the time 
of my visit, in 1908, to the more remote districts. We are told 
that before the reclamation of this vast area, “‘in summer it was 
a bed of burning sand, in winter in a state of constant inundation, 
while between the two was a period of pestilence. The country 
was characterized by steritity and insalubrity.’’ (Gifford) 

Then the miles of alinost treeless wastes, covered with low dense 
herbage, were sparsely inhabited. The few people who lived 
there, depending entirely upon their flocks, were hardly greater in 
number over the entire area of The Landes than at present in the 
few insolated districts where the population still retains its primi- 
tive character and pastoral occupation, and still speaks a romance 
dialect more ancient than the /Jangue d’oce of much of southern 
France. 





+Like the hardpan of Florida. See Harper in 3d Ann. Rep. Fla. Geol. Sur- 
vey, pp. 222, 294,295. (1911). Examined in proof. 
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Just as on Hatteras Island and along the Banks of the Carolina 
coast, there are here in the Dunes of Gascony evidences that the 
roving sands were centuries ago fixed by a natural forest growth. 
But along both coasts thoughtlessness or vandalism destroyed the 
forests, and the winds blew the sand inland for a time until grass- 
es followed by woody plants bound the soil in such a way that the 
winds were powerless to move it. ‘In the sand-dunes near Ar- 
cachon, five superposed beds of soil are to be traced, containing 
trunks of trees in situ and other remains of vegetation.’ (Thoulet) 

At one time the dunes threatened to destroy the entire region, 
for following one destruction of the forests they advanced inland 
at a rate varying from 60 to 80 feet a year. The village of Lege 
twice retired before this invasion of sand. Mimizan retreated 
likewise, and when measures were at length taken to stop the on- 
ward march of the dunes they were already within a few yards of 
its houses. (Reclus). 

There are extensive ponds and lagoons in the rear of the dunes, 
formerly estuaries and bays of the sea from which they became 
separated by a bar of sand. The streams flowing into and 
seeping out of them soon leached out the salt and they became 
living lakes of fresh water. Soine of these lakes are rapidly closing 
up by the growth of plants within their borders, just as Currituck 
Sound in North Carolina is closing up with vegetation since it be- 
exame a body of fresh water through the closing of the inlets by 
drifting sand and the leaching action of its inflowing streams. 

The largest of these lakes, the Etang de Cazau, has an area of 
15,000 acres, and its surface lies at a level varying from 62 to 66 
feet above the level of the sea, according to the season. This 
feature is very different from our own coast. The rivers draining 
The Landes and these lakes are turned to the southward on en- 
tering the sea, through the action of the southward-going current 
and the tongues of sand it tends to build across their mouths. It 
has several times been suggested that the government of France 
construct a canal running parallel with the coast, lowering the 
level of this and other lakes, affording a safe waterway connecting 
the Garonne with the Adour, and avoiding the dangers of the Bay 
of Biscay with its high winds and violent currents, and several 
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such canals of small size have already been constructed. 

Gascony cannot long be without such an inalnd waterway in a 
country like France, whose rivers have been regulated and deep- 
ened so as to render their currents more uniform and permanent. 
The natural waterways of France have been so supplemented dur- 
ing the last few years by an excellent system of canals that there 
is hardly any part of the country today that is not reached by 
water transportation, which has greatly facilitated the exchange 
of heavy and bulky products, until 42 per cent of the mineral fuel 
for Paris is now carried into the city by water. 

The drainage of these border lakes and swamps has heen effected 
by direct engineering efforts to 2 much smaller extent than is usual- 
ly supposed, the most important instance of such effort being that 
of the Lake of Orx, near Bayonne, which was drained and re- 
claimed in 1864. We are also told that the efforts of engineers to 
remove the obstructions to the unimpeded discharge of the rivers 
have not generally proved successful. The result has come largely 
from an unforeseen effect of tree planting to be adverted to later. 

While it is true that the sands are ever shifting and bars are 
constantly forming, it is equally well recognized that the sea has 
been encroaching extensively upon the land. Bremontier states 
that the sea, in his day, wore away nearly seven feet of the beach 
of Hourtin annually, and the inhabitants in this day point out 
traces of man on the narrow edge of this eastern face of the dunes, 
or on the beach over which the dunes have moved. These are 
essentially similar to the evidences on the New Jersey coast, con- 
sisting of alios, turf-pits, hoof-imprints, trunks of trees still bear- 
ing the marks of axes, bricks, and bits of broken pottery. 

The retreat of the land along this coast is by no means due 
entirely to the gnawing of the sea, since there has been a marked 
subsidence of the land, particularly in the region to the north of 
the Gironde. The lighthouse of Cordouan, which stands as a 
beacon for vessels entering this river, was erected by Louis de Foix 
at the close of the sixteenth century. Then the rock on which it 
stands was large enough to admit of several dwellings for the 
workmen employed in its construction. It is now completely 
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Fig. 7. Oysterwoman of Arcachon. 

















Fig. 8. Une Pecheuse de Crevettes. 
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covered at high water, and the distance between it and the Point 
de Grave increased from 3.1 miles in 1630 to 4.3 miles in 1876, 
according to Reclus, who also tells us of numerous villages, named 
in old chronicles, that have been swallowed up by the sea or over- 
whelmed by the inland march of the dunes. ‘‘Soulac was an 
important town on the Gironde, below Bordeaux, whilst the 
English held the country, but the Gothic church and the few walls 
which alone remain of it now stand upon the shore of the ocean, 
the dunes having passed right over them.’’ (Reclus). 

The Basin of Arcachon, about half-way between the Adour and 
the Gironde, is the only estuary on this coast still open to the 
sea. It is a large depression communicating with the ocean only 
by a narrow channel, and separated elsewhere by sanc-dunes. 
It, too, will soon be cut off from the sea. Its ever-shifting sands 
and violent currents are great obstacles to the conversion of this 
basin into a harbor of refuge, so much needed on this dangerous 
coast. 

The basin is not completely covered, even at high water, but 
is traversed by various and varying channels due to the violent 
tidal currents which play such an important part in moulding its 
features. Since the planting of the shore dunes with maritime 
pines, this has become the chief center in France for the culture 
of oysters. But still the Bay of Arcachon is being rapidly filled 
with sediment, and recourse must be had to dredging if its oyster 
beds are to be preserved, its neighboring lands saved for agricul- 
ture, and its channel kept open to the sea. 

When the tide is out this basin presents the appearance of an 
extensive grass-land, slightly undulating, a vast field of tempting 
turf. The carts drawn by oxen driven by women over the lawn 
lend local color to the illusion: and the beholder is ready to be- 
lieve himself completely bewitched when he sees upon this lawn 
little schooners and other small sea-going vessels, which are really 
lying at anchor in the narrow channels of the basin. The carts 
are gathering the green sea-weed of the flats for manure, and the 
vessels are waiting for their small cargoes of rosin, turpentine, 
acid, oysters, shrimps, wool, wooden utensils, or even wines of 
the finest kinds, 
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The reclamation of this extensive area has been extremely slow 
of accomplishment, but the results obtained have paid many fold 
for the expenditure of time, labor, and money. In 1778, a talen- 
ted engineer, Baron Charlevoix de Villers, was sent to Arcachon 
for the purpose of forming a military post. He saw at once the 
necessity of fixing the sand, and was, according to Grandjean, the 
first to establish the fact that the way to fix the dunes is by 
means of plantations of pine. He met with troubles in his work, 
and was finally sent to the Island of Santo Domingo. 

In 1784, Bremontier set to work, and it is said that, by using 
the results of de Villers’s labors, he finally succeeded in fixing the 
moving sand. This he accomplished by the construction of a 
littoral dune from the mouth o!*the Gironde to Bayonne, the 
winds themselves doing the work under the control of brush fen- 
ses planted by the skilled engineer.* 

A protective dune was built up to the height of 33 feet, above 
which height it was observed that the winds did not readily drive 
the sand inland, provided the dune is at least 300 feet in-shore 
from high-water mark. The windward slope of the dune is from 
4 to 14 degrees, and its leeward slope about 30 degrees. This 
dune is kept in shape hy the growth of grasses upon it, stock is 
carefully kept off of it, and even man is not allowed to wonder at 
will over the dunes, lest the wind following in his footsteps set 
the solid in motion. The French engineers hold firmily to the 
opinion that the Sahara itself would soon have its oases united 
and be largely grassed over if wandering Arabs and roaming cam- 
els could be fenced out of it. 

The dunes next the shore having been fixed, it was nearly fifty 
years before any further effort was made to reclaim this region of 
marshes and “‘miasma.’? M. Chambrelent, a young engineer of 
bridges and roads, was sent to the Gironde to study the drainage 
of 8000,000 hectaresf of land in the districts of Gascony and The 


*For details as to the methods the reader is referred to the writings of 
Chambrelent, Grandjean, Poisson, Duffart, and to Dr. John Gifford, 
especially ‘‘The Control of Shifting Sands,’’ in the Engineering Magazine, 
January, 1898. 


+A hectare=2.471 acres, 
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Landes. His plans were not accepted, but he was so thoroughly 
satisfied of their feasibility that he bought some land and applied 
it to the measures he advocated. In 1855 the results of his ex- 
periments were submitted to an international jury, ‘“‘The jury 
was so favorably impressed that it recommended the application 
of Chambrelent’s plans to the entire region, and in 1857 a law 
was passed requiring the Communes to do this work. The Com- 
munes paid for it by selling a part of this land [thus improved], 
which increased in value after the completion of the work.’’ 

Drain ditches were dug and seeds of the Pinus Pinaster were 
sown, all the drainage works having been completed in 1865, It 
was at first feared that the inabilty of the tap-root to penetrate 
the hardpan would arrest the growth of the trees, ‘‘but’’, says 
Chambrelent, ‘‘the uselessness of the tap-root has already been 
demonstrated.* It extends to inert soil which receives no atmos- 
pheric influence. It really plays only a mechanical role for hold- 
ing the tree in place, but in close growth is not necessary, because 
the trees support one another.’’ In several cases, however, the 
alios was pierced with apick, and wherever the tap-root gained a foot- 
hold and went through the hard-pan it maintained underground 
drainage into the sands beneath, which already drain themselves. 
If organic substances have been the cementing material, the alios 
is thus permanently broken up by the drainage which the tap-root 
effects. Where the hard-pan has become a ferruginous sandstone, 
the cracks in the rock have been extended by the slow growth of the 
tap-root; oftentimes the cementing iron oxide has been changed 
by contact with vegetation to an iron carbonate, which is readily 
disolved out by the organic acids, and the same result is obtained 
by a somewhat longer process. An interesting lesson for the forest 
engineers. 

The pines grew with great rapidity, their wood was of superior 
quality and soon came in great demand in England for mine props 
and Jater for telegraph poles, both props and poles being impre- 
gnated with copper sulphate before using. In speaking of the 





*Many pines on the Miami limestone of Southern Florida have roots 
speading flat on top of the rock, and have no tap root, to which fact my at- 
tention was called by Dr. Roland M. Harper. 
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effects of the forests, Chambrelent. says that ‘““The Landes, which 
in 1865 were pestilential, are now as free from fever as the most 
favored regions. The presence of so much wood enables every 
household to have generous supplies for heating and drying in 
cold end wet seasons. An investigation of the causes of agricul- 
tural depression in other parts of France only too clearly indi- 
cates the inestimable beneflt of large wooed supplies for domestic 
purposes.’’ 

This section is now one of the richest, most productive and 
most healthful in France, the change having been brought about 
by the intelligent cultivation of pine forests. Immense forests 
now cover the country, dunes and marshes are but little in evi- 
dence, and the wood, turpentine, rosin, and kindred industries 
have brought wonderful prosperity to the entire department, which 
was formerly the most harren district of France. ‘“‘A 
man,’ says Grandjean, ‘“‘was forced to take some of this land 
for a debt. He became a millionaire later by selling it in small 
parcels. ”’ 

The region is now a famous health resort, combining the beau- 
ties and pleasures of the sea-shore with those of the pine forests of 
the sand-hills. The population of the country has increased in 
proportion to its natural resources. The fecundity of the people 
of Gascony is now as proverbial as the alarming sterility of the 
rest of the French people. 

And the old customs are by no means completely destroyed by 
the coming of the health-seeker and the tourist. The native of 
The Landes may still be seen standing upon stilts watching his 
sheep. He balances himself with a staff, whose top is like the 
top of a crutch, and spends his spare time knitting stockings, even 
when gossiping with the shepherd of a neighboring flock. The 
country has improved and the land is ,no longer desolate; cord- 
wood is cut from the pocosins and the borders of the pasture-land ; 
but a few of the people still cling to their stilts; in fact, in several 
places of the back country mail-carriers use stilts today. 

The women working in The Landes, the Echassiéres, wear skirts; 
but the wife of the Résinier, the Parqueuse d’huitres, and the 
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Fig. is. A Resiner’s Home. 

















Fig. 14. Shucking Oysters. 





Plate VIII. 

















Fig. 15. Oyster Boat Manned by Women. 

















Fig. 16. View of Arcachon, France. 
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Pécheuse de crevettes, women of the forested dunes and of the fish- 
eries, wear trousers of various colors and picturesque patterns. 

The revenue of the forests comes mainly from the resin indus- 
try, which received a great impetus in its beginning, when sim- 
ilar industries in our Southern States had been disorganized or 
suspended on account of our Civil War and its blockade. The 
Hugues cup-and-gutter method of terpentining was then intro- 
duced and has been followed there with success ever since. In 
1892, the United States Department of Agriculture undertook to 
introduce the French method into this country, and for a few 
years following one orchard in Bladen County, North Carolina, 
was treated in this way. It remained, however, for Dr. Chas. H. 
Herty to apply the cup-and-gutter to our American pine forests 
on a commercial scale and with unprecedented financial success, 
and today the Herty cup, which is used with a gutter specially 
suited to our method of scarring the trees, is as well known to 
foresters as the Arcachon method. 

The manufacture of rosin, tar, turpentine, pitch, pyroligneous 
acid, wood vinegar, telegraph poles, fertilizers, etc., are by no 
means the only industries in this region. The raising of sheep, 
of cattle, and of small stocky horses, is carried on in The 
Landes; bees are kept for their delicious honey; the cultivation of 
oysters, shrimps, and other sea foods, is an important industry 
along the Bay of Arcachon; and there is some gunning around 
the lakes. In the industries of the interior man and wife are 
equal partners in work; but the business activities of the shore- 
line are almost entirely in the hands of women. The inhabitant 
of the once dune village is now a citizen of no mean city, Arcachon. 








THE RELATION OF PHARMACOLOGY TO CLINICAL 
MEDICINE* 


BY WM. deB. MACNIDER. 


In presenting this subject for your consideration I shall ap- 
proach it primarily from the siandpoint of a teacher, and secon- 
darily from that of a medical man who is deeply interested in the 
development of scientific clinical medicine in general, and espec- 
ially interested in its development in the South. 

Pharmacology taken in its modern interpretation should be of 
distinct service to the undergraduate student for its value in 
scientific training and for its real purpose in demonstrating the 
mode of action of those drugs which possess such a quality, and 
equally important for its value in demonstrating the fact that 
many drugs have no action. 

In addition to these self-evident reasons concerning the value 
of such a course, it may have a broader bearing upon the develop- 
ment of the medical student and upon his future life as a clinician 
than is usually attributed to it. 

It has been my observation at the school with which I am con- 
nected and at several other institutions, that when a student com 
pletes his first two years of medical work which have to deal with 
the fundamental and more exact branches of the medical curricu- 
lum, that there at once develops, and with some degree of wilful- 
ness on his part, a spirit of forgetfulness for the things of the past 
and a glowing anticipation for the so-called practical, and in the 
mind of the student the really useful medical subjects. This at- 
titude means imperfect development so far as the student is con- 
cerned and a dwarfed conception of real clinical medicine. 

This state of more or less divorce which exists between the first 
two years of the medical curriculum and the last two, is painfully 


*Read by invitation before the Seaboard Medical Society of Virginia and 
North Carolina, 
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apparent when we consider the few medical men, comparatively 
speaking, who approach the cure of disease from the standpoint 
of structural change, e. g. pathology, and the bare handful in this 
country, who with sn understanding of physiology, attempt a 
physiological interpretation of a morbidly reacting organism. 

There should exist in the latter half of the second year and early 
in the third year courses whose function it is to bridge this gap 
and weld together in a fashion inseparable the fuudamental 
branches of the medical curriculum with the more apparently 
practical branches. 

I am aware of the fact that there are perhaps one or more in- 
stitutions in this country where the type of student is such that 
this linking is not necessary, but, on the other hand, I believe at 
those institutions whose prime function it is to turn out general 
medical men that this union which I have referred to is a real 
necessity. 

At the outset I would have it understood that I am not advo- 
eating any systein of medical training, or any course which tends 
to impress the student of its importance by pointing out that the 
facts learned have a practical value and therefore must be mas- 
tered. The highest type of student learns a subject because it is 
a bit of knowledge to master, and if it contains matter of practical 
value he is thankful; while if it doesn’t he should be glad of his 
knowledge for learning’s own sake. This is the ideal student 
which happily we run across once in a while. The average stu- 
dent. has not such a thirst for knowledge, and for this type, in 
order to make the most of him, we must lead, enthuse, and in 
some measure show. 

There are two subjects which could if properly handled best 
fulfil this requirement. They are courses in Pathological Physi- 
ology and in Experimental Pharmacology. The proper inter- 
pretation and appreciation of symptoms which would be developed 
in a student who had to think of physiology as a reaction of an 
organisin under morbid influences as contrasted with its reaction 
under normal influences would be of lasting value to him. 

The value of Pharmacology for the purpose mentioned above, 
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depends entirely upon the type of course which is given and upon 
the amount of expermental work which the student is allowed to 
attempt. 

The type of course in Pharmacology which I have reference to 
has several characteristics. 

In the first place, it should not be chiefly a didactic course. 
Lectures and quizzes are certainly necessary, but the more lec- 
tures can be substituted by observations on the part of the student 
and the more the quizzes can be eliminated by informal talks and 
conferences with the student, the better it will be for the course 
and for the real information gained by the student. 

In the second place, a detailed study of a few drugs should be 
insisted upon and their mode of action and limitations thoroughly 
mastered. The criterion which determines the efficiency of a 
drug need not necessarily be its action on the lower animals, 
though that is certainly the safest guide to rely upon. Some 
drugs, undoubtedly, are of purely empirical value and have an 
action which has been established by the careful observations of 
clinical men. If this be the case, then this drug, and there may 
be a few, should be learned in a dogmatic way until its value can 
be determined by showing its mode of action or its inactivity in 
the lower animals. 

On the other hand. it is wrong to use a medical student’s val- 
uable time by burdening his intellect with a discussion of useless 
drugs and trying to ‘‘bluff’? a mind that should he hunting the 
truth by discoursing on the value of a substance which has been 
proved experimentally and clinically to be worthless. 

Under the heading of Materia Medica there are at the present 
many such substances which should not be included in the type 
of course described. In a measure they are included and have to 
be, for the reason that examining boards persist in questioning 
applicants for license concerning such inert substances. Here the 
boards of Medical Examiners could be of distinct service to teach- 
ers of pharmacology and indirectly of service to clinical medicine. 

Having selected the drugs, a knowledge of which is the ultimate 
aim of the course, it next has to be decided in what manner this 
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information is to be imparted. Two plans are available. The 
subject may be presented in the usual way that such a group of 
drugs or drug, such for instance as Digitalis is a “‘heart stimulant 
and tonic’’, and by such a presentation simply suffocate any ele- 
ment of inquisitiveness which may be smouldering in the mind of 
the student. Or another plan of presentation may be used which 
tends to make him think and reason. The statement may be 
made that the drug in question influences the heart in two ways: 
that it has an action on the endings of the vagus nerve in the 
heart muscle which tends to slow the heart and prolong its di- 
astole; that it has another action on the muscle of the heart, 
which in part consists in rendering the muscle more irritable and 
more receptive to outside stimuli. As a result of this increased 
irritability, a heart under Digitalis action would be faster and 
more imperfect in its functional capacity were it not for the fact 
that in the therapeutic stage of Digitalis action the vagus stimu- 
lation predominates, slowing the heart and allowing its chambers 
to more perfectly fill with blood, while with the muscular element 
being more irritable the systole is prolonged and more perfect. A 
student with this information will not as a clinician persist in giving 
increasing doses of Digitalis when the drug which he is adminis- 
tering to slow the heart is the direct cause of its increased rate 
and imperfect action. 

One of the chief aims of such a course is to stimulate inquis- 
itiveness on the part of the student, to make him wonder how the 
action comes about, with the belief that such a mental attitude 
will not stop with his student days but will become such a part of 
his intellectual self that he will carry it directly to the bedside and 
to the operating room. 

After having stimulated in the student this wholesome attitude 
of doubt and a determination to know the reason for observed 
facts, the next characteristic of the course is to give him an op- 
portunity to make his own observations and to draw his own de- 
ductions. 

This is accomplished by allowing the student to work out the 
action of the more important drugs on the lower animals, This 
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should be the strongest part of the course and should take a part 
of the time allotted to didactic teaching, and should not be sub- 
stituted by class demonistrations. 

Here, the student administers to an etherized animal Digitalis 
for instance, and obtains a record of slow heart, what is the cause 
of the slowing? Is it an inhibitary action on the part of the 
vagus, is it diminished activity on the part of the sympathetic or 
is it a less irritable heart muscle? He likely knows from his 
didactic study that Atropine depresses and finally paralyses the 
endings of many nerves, he administers this drug or cuts the vagi 
and the rate of the heart increases. He has observed the action 
in this instance of a given substance, e. g. Digitalis; he has 
wondered at its action and formulated certain possible conditions 
which could have brought about the result; next, he has de- 
termined which one of these possibilities really exists; finally, he 
has found the truth. 

The foregoing is a concrete example of the type of training 
which experimental pharmacology offers. A student who has 
such training, provided there is enough of it, is bound to develoy 
a thinking, reasoning mind which will carry the more exact train- 
ing of the elementary branches of the medical curriculum un- 
consciously into the clinical branches and persistently ask the 
reason why. 

















ON SURFACE ENERGY AND SURFACE TENSION* 


BY J. E. MILLS AND DUNCAN MACRAE. 


1 66 


In an article by Whittaker’ On the Theory of Capillarity,’’ it 
was shown that the following empirical relation was apparently 
true: The surface energy of a liquid in contact with its own vapor at 
any temperature is proportional to the product of the internal latent 
heat and the (absolute) temperature.’’ 

The proposed relation and further related applications and in- 
ference have since been discussed by Kleeman in a number of 
papers.” 

Some explanation of the relation proposed is perhaps necessary. 
Particles in the interior of a liquid are attracted by the surround- 
ing molecules equally in every direction; but particleson, or near, 
the surface are attracted only, or as a resultant, inward, in a di- 
rection perpendicular to the surface. When the area of the sur- 
face of the liquid is increased, work is therefore done against the 
molecular forces in bringing additional molecules within the sur- 
face layer. If the surface of a liquid is actually increased—as in 
blowing a soap bubble—it will be found that as the surface in- 
creases in size under the action of the externally supplied force 
(the pressure of the air blown within the bubble), the surface 
layer of the liquid becomes at the same time colder. Heat is ab- 
sorbed from the surrounding bodies in order to raise the tempera- 
ture of the surface film to the initial temperature. Therefore the 
total energy necessary to increase the surface area is supplied 
partly as mechanical (external) work and partly as heat energy. 
If E represents the total energy per square centimeter of surface 





*Reprinted from the Journal of The American Chemical Sotiety, Vol. 
XXXII, No. 10. October, 1910. 
1 Proc. Roy. Soc., 81, 21 (1908). 
2 Phil, Mag., 18, 39, 491, 901 (1909); 19, 783 (1910). 
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layer, y, the necessary mechanical work performed in making this 
surface, and 7 the absolu& temperature, we have from Helmholtz’s 
free energy equation the relation first stated by Lord Kelvin, 
dy 

aT’ 

where—T dy / dT represents the amount of heat energy absorbed 
from the surrounding bodies. The mechanically supplied surface 
unergy, Y, in ergs per square centimeter, is numerically equal to 
the surface tension per linear centimeter in dynes. 

The heat of vaporization necessary to change a liquid into a 
vapor is expended in two ways: first, in pushing back the external 
pressure as the liquid expands, and second, in doing certain in- 
ternal work within the liquid. The first ‘amount of energy is 
easily calculated and when substracted from the total leaves the 
so-called “‘internal heat of vaporization.’’ This internal heat of 
vaporization, 4, can be calculated from the thermodynamical re- 
lation discovered by Clausius and Clapeyron, 


dP 
‘ A = a ene — . 
2. (Tor P) (V—v); 


1. E=y-—T 


here P denotes the vapor pressure, and v and V denote the volume 
of liquid and its saturated vapor, respectively. 
The proposed relation of Whittaker states that 


3. 





— => constant 


TX 
where £ is obtained from equation 1 and A from equation 2. 

Whitaker himself stated that the above empirical relation, being 
yet without theoretical basis, and being based only on the behavior 
of five substances over a limited range of temperature, must be 
received with caution until further comparison with experimental 
results was possible. 

It seemed tothe authors desirable, for the reasons mentioned 
below, to re-examine the experimental basis for the proposed re- 
lation. 

First—The values of the internal heat of vaporization used by 
Whittaker were taken from a paper by one of us’ and these values 





I Mills J. Phys. Chem., 8, 383 (1904); 10, 1 (1906). 
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have been lately revised. The revision was made necessary by 
the changes made by Dr. Sidney Young in the orignal data used 
for the calculation of these values. These changes were usually 
small, but extensive, and affected principally the volumes of the 
saturated vapor at the lower temperatures and the vapor pressure.” 

Second—Whittaker, due to the increasing uncertainy in the 
values for the internal heat of vaporization, and in dy/ dT as the 
critical temperature was approached, did not extend his study 
of the relation given in equation 3 nearer the critical temperature 
than 40 or 50°. While it is true that the data become increasingly 
uncertain, it is also true that A, E,y and dy/dT, when plotted 
against the temperature, give nearly straight lines over the range of 
temperature investigated by Whittaker. It becomes of very greatly 
increased importance therefore to carry the study of equation 3 
nearer the critical temperature. 

Third.—Whittaker obtained his values of dy /dT from the values 
for y as given by Ramsey and Shields. Now they concluded from 
an apparently sufficient experimental basis that the surface ten- 
sion, y, could be expressed for non-associated liquids, as were 
those investigated by Whittaker, by the equation 


4. y(Mv) 4=k(7—d), 


where 7 represents degrees counted from the critical temperature, 
and k and d are constants, k being approximately 2.12, and d 
varying with the different substances investigated from 5. 9 to 8. 
5. Mv is the molecular volume of the liquid. Equation 4 is true 
nearly to the critical temperature, and it is clear that the function 
—dy /dT must therefore decrease continuously and consistently 
with increase of temperature; that is, for non-associated liquids 
—dy/dT, when plotted against the temperature, must neither 
increase nor give a line of double curvature. An exsmination of 
the values of dy / dT given by Whittaker for carbon tetrachloride, 
benzene, and chlorobenzene show that his values do not strictly 
obey the above statement and seem too greatly influenced by the 





*Arrhenius number of Z. physik. Chem., '70, 620 (1910). Sctentific Proc, 
Roy, Dublin Soc., 12, 374 (1910). 
3Phil, Trans, Roy, Soc,, 184A, 647 (1893). 
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individual errors of observation. We have changed, therefore, in 
the tables below, usually very slightly, some of the values of 
dy/dT as given by Whittaker for the above-mentioned sub- 
stances. 

Whittaker states on page 23 of the article cited that ‘‘A point 
is at length reached, about 180° below the critical point, at which 
E is stationary, and thenceforward E diminishes as the tempera- 
ture decreases—a somewhat surprising result. These changes in 
E are identical with the changes of the function TA, which has 
its stationary point at the same temperature as E.’’ We consider 
this statement to be in error as regards the behavior of the sur- 
face energy so far as non-associated liquids are concerned. The 
remark seems true for associated liquids. For corfirmation of 
our point of view it is sufficieat to cite the form ci the surface 
tension curves as shown in the paper by Ramsay and Shields, and 
the values of the internal heat of vaporization as given in the 
papers by Mills already cited. 

Fifth—We found data available for a study also of ethyl 
acetate, and for the supposedly associated liquids, water, acetic 
acid, and methyl and ethyl alcohols. 

The data and the results obtained are given in the tables be- 
low. The surface tension, y, was obtained fromthe measure, 
ments of Ramsay and Shields." The values of dy/dT were de- 
rived from the measurements of y given, and were smoothed in 
accordance with the observations above made. The values of 
dy/ dT given by Whitta\«r were used for ethyl ether and methyl 
formate at the lower temperatures, and his values were not greatly 
changed for carbon tetrachloride and benzene, The values for 
E were obtained from the data given by the use of equation 1. 


TABLE 1.—Ernyt OXIDE. 


C. Y. —dy/ dT E. A, 10°E/ TA. 
20 16.49 exert sid 80.04 pias 
40 14.05 0.112 49.1 75.02 20.9 
50 12.94 0.1115 48.9 72.66 20.8 
60 11.80 0.110 48.4 70.40 20.6 
70 10.72 0.108 47.8 67.81 20.6 





~ ‘IPhil. Tras., 184A, 647 (1893) ; Z. physik. Chem., 12, 433 (1893), 
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80 9.67 0.106 47,1 65.40 20.4 

90 8.63 0.1035 46.1 62.89 20.2 
100 7.63 0.1015 45.5 60.40 20.2 
110 6.63 0.0995 44.7 57.53 20.3 
120 5.65 0.097 43.8 54.53 20.4 
130 4.69 0.094 42.6 51.43 20.6 
140 3.77 0.0905 41.1 48.13 20.7 
1°0 2.88 0.086 39.3 44.30 21.0 
160 2.08 0.080 36.7 39.81 21.3* 
170 1.33 0.071 32.8 34.31 21.6* 
180 0.64 0.058 26.9 27.36 21.7* 
185 0.38 0.0495 23.0 22.99 21.8* 
190 0.16 0.040 18.7 16.59 24.3* 
193 0.04 aren iat 9.71 Pee 
193.8 0 ee err 0 wiser 
190 Mills uals one 17.68 22.8* 
190 Dieterici ae ree 17.44 23,2* 


values given for A were calculated by Mills and have been partially 
published.! Details and references will be found in that paper. 
The complete data will be publised later. 

We have, except for the alcohols, averaged the values of the 
constant 10‘E / TA for each substance down to the values marked 
with an asterisk, and have marked with an asterisk all values 
differing from the mean values so obtained by more than 3 per 
cent. The mean values are given in Table XI. 

Considering first the non-associated substance, it will be seen 
that the ‘‘constant’’ decreases to the extent of 3 per cent. or 
more from its value at the lowest temperature to a medium value, 
and then rises in value until the critical temperature is reached. 
This consistant behavior of the constant tends strongly to show 
that it is not a true constant. A closer examination of the data 
tends to confirm this belief. 

For the divergence of the ‘‘constant’’ from constancy cannot be due 
to the values used for the internal heats of vaporization. One of us 
has made an extended and close study* of the internal heat of 
vaporization both of the substances at present under investigation 
and of other substances. From the discussion and data given in 

1 THs JourNAL, 81, 1099 (1909). 
2 Mills, Ibid., 31, 1099 (1909). J. Phys. Chem., 18, 512 (1909) 
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ro. 


20 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
283.15 
260 
260 


t°C. 
80 
100 


110 
120 


150 
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Tas_e I].—CaArBon TETRACHLORIDE. 


?. —dy/ dT. E. A, 
25.68 ee wican aa 
18.71 Pons 41.64 
17.60 0.1115 58.1 40.72 
16.48 0.110 57.5 39.64 
15.41 0.1085 57.0 38.53 
14.32 0.107 56.4 37.48 
18.27 0.105 55.6 36.35 
12.22 0.103 54.8 35.27 
11,21 0.1015 54.1 34.19 
10.22 0.100 53.5 33.28 
9.24 0.098 52.6 32.21 
8.26 0.0965 52.0 30.83 
7.28 0.095 51.3 29.52 
6.34 0.093 50.3 28.22 
5.40 0.0915 49.6 26.83 
4.47 0.090 48.8 25.35 
3.56 0.0870 47.3 23.73 
2.74 0.0825 45.1 21.91 
1.93 0.076 41.7 19.85 
1.20 0.067 36.9 17.15 
0.59 13.62 
0 0 
Mills ate 16.78 
Dieterici cere er 16.97 

Tasie II].—BEnzeENE. 

Y. —dv / aT. E. r. 
20.28 0.116 61.2 86.70 
19.16 0.116 61.3 84.69 
18.02 0.116 61.3 82.37 
16.86 0.115 60.9 79.98 
15.71 0.1145 60.7 77.39 
14.57 0.1125 59.9 75.45 
13.45 0.1105 59.1 73.45 
12.36 0.108 58.0 71.34 
11.29 0.106 57.2 69.48 
10.20 0.104 56.3 67.25 

9.15 0.102 55.4 65.21 

8.16 0.100 54.5 62.51 

7.17 0.098 53.5 59.75 

6.20 0.096 52.6 57.04 

5.25 0.094 51.5 53.76 

4.32 0.091 49.9 50.30 


[ November 
10°E / TA. 


39.3* 
38.9 
38.6 
38.3 
38.0 
37.6 
37.4 
37.2 
36.9 
37.2 
37.5 
37.7 
38.3 
39.0 
39.6* 
40.1* 
40.2* 
40.4* 


41.2# 
40.8* 


10°E/ TA. 
20.0 
19.9 
20.0 
19.9 
20.0 
19.7 
19.5 
19.2 
19.0 
18.9 
18.8 
18.8 
18.9 
19.1 
19.4 
19.7 
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240 3.41 0.087 48.1 46.53 20.1° 
250 2.56 0.083. 46.0 42.46 20.7# 
260 1.75 0.0785 43.6 37.55 21.8° 
270 0.99 0.073 40.6 31.49 23.7# 
275 0.66 — mee pase e 
280 0.29 peas none 23.45 

288.5 0 oes ovee 0 coe 
270 Mills = ~ 31.47 23.7 


Dieterici not calculated at 270°, but at 260° = 37.52 
and at 280° = 23.79. 


TaBLE I1V.—CHLOROBENZENE. 


£C. % —dv/ aT. E. A, 10°E/ TA. 

159 17.67 0.100 60.0 65.45 21.7 

160 16.62 0.0995 59,7 64.14 21.5 

170 15.67 0.0995 59.8 2.87 21.5 

180 14.66 0.099 59.5 61.67 21.3 
190 13.69 0.0985 59.3 60.06 21.3 

200 12.72 0.0970 58.6 58.50 21.2 

210 11.75 0.0960 58.1 56.87 21.1 

220 10.81 0.0945 57.4 55.55 21.0 
230 9.88 0.093 56.7 53.90 20.9 

240 8.94 0.0915 55.9 52.25 20.9 

250 8.04 0.090 55.1 50.37 20.9 

260 7.14 0.0875 53.8 48.17 21.0 

270 6.27 0.0855 §2.7 45.80 21.2 

280 5.40 0.0825 aoe e ear 

290 4.54 0.080 

300 3.79 0.0765 

310 3.05 0.073 

320 2.35 0.069 

333 1.47 

359.1 0 

TaBLE V.—MeErTHyYL ForMATE. 

°C. -. —dr/ aT. E. A 10¢E/ TA, 
20 24.62 cack ee eee Aone 
30 23.09 0.153 69.4 104.38 21.9 
40 21.56 0.151 68.8 101.16 21.7 
50 20.05 0.149 68.2 98.18 21.5 
60 18.58 0.147 67.5 94.74 21.4 
70 17.15! 0.145 66.9 91.43 21.3 





* Misprinted in the original paper by Ramsay and Shields, 
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1 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
214.0 
200 
200 


110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
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240 
245 
250.1 
240 
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15.70 0.143 66.2 88.31 
14.29 0.141 65.5 85.25 
12.90 0.139 64.6 81.83 
11.52 0.1365 63.8 78.96 
10.18 0.134 62.9 75.87 
8.86 0.1315 61.8 71.95 
7.54 0.128 60.4 68.10 
6.30 0.124 58.8 64.03 
5.06 0.119 56.6 59.28 
3.90 0.1125 53.7 54.41 
2.81 0.105 50.4 48.64 
1.78 0.096 46.2 41.93 
0.87 0.086 41.5 33.18 
0.06 nae ee 19.58 
0 oe ees 0 
Mills re as 35.10 
Dieterici .... ee 35.04 


TaBLe VI.—Etnyi ACETATE. 


r, —4d,/ dT. E. A 


23.60 ene oces oese 
16.32 0.1185 58.1 78.25 
15.14 0.117 57.6 76.40 
13.98 0.115 56.9 74.36 
12.84 0.113 56.1 72.13 
11.75 0.111 55.4 69.64 
10.66 0.109 54.6 66.84 
9.57 0.107 53.8 64.42 
8.52 0.1045 52.7 61.38 
7.48 0.1025 51.9 58.36 
6.47 0.100 50.8 55.71 
5.51 0.097 49.4 52.68 
4.54 0.093 47.6 49.48 
3.64 0.089 45.7 46.11 
2.80 0.0835 43.1 42.08 
1.96 0.077 39.9 37.11 
1.18 0.069 35.9 31.32 
0.49 0,060 31.3 23.55 
0.21 coos eoee 18.00 
0 ere er 0 
Mills aes sows 24.78 


Dieterici 





21.2 
21.2 
21.2 
21.1 
21.1 
21.3 
21.5 
21.7 
22.0 
22.3* 
22.9* 
23.8* 
26.5* 


25.0* 
25.0* 


10°F / TA. 
21.1 
20.8 
20.5 
20.3 
20.2 
20.3 
20.2 
20.3 
20.5 
20.6 
20.7 
20.8 
21.0 
21.2 
21.8* 
22.8* 
25.9% 


24.6* 
25.1* 
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the papers cited we feel certain that the heats of vaporization 
given are correct to within 2 per cent. except as the 
critical temperature is approached. Nearly always they are 
correct to within 1 per cent. Now as the critical tempera- 
ture is approached, it is true, as shown in the papers cited, that 
the internal heat of vaporization as usually calculated by the use 
of equation 2, and as given in this paper, is too small. But the 
error thus caused is not nearly so great enough to account for the 
great increase in the value of the constant. For it was further 


TasLe VII.— Water. 


t°C. r. a, / aT. E. r 10°E / TA 
0 73.21 0.122 106.5 565.0 6.90 
10 71.94 0.131 109.0 559.3 6.89 
20 70.60 0.1385 111.2 552.5 6.87 
30 69.10 0.1475 113.8 545.8 6.88 
40 67.50 0.155 116.0 539.2 6.88 
50 65.98 0.162 118.3 532.4 6.88 
60 64.27 0.168 120.2 525.4 6.87 
70 62.55 0.174 122.2 518.4 6.87 
80 60.84 0.179 124.0 511.4 6.87 
90 58.92 0.1835 125.5 504.5 6.85 
100 57.15 0.188 127.3 497.1 6.87 
110 55.25 0.192 128.8 489.2 6.87 
120 53.30 0.196 130.3 481.0 6.89 
130 51.44 0.200 132.0 472.9 6.92 
140 49.42 0.204 133.7 465.0 6.96 

Tas_e VIII.—Aceric Acip. 

°C. r. —dy / dT E. A 10‘E / TA 
20 23.46 — neem 79.17 er 
130 16.18 0.083 49.6 85.09 14.5 
140 15.32 0.085 50.4 83.62 14.6 
150 14.46 0.0865 51.0 82.37 14.6 
160 13.58 0.088 51.7 81.14 14.7 
170 12.71 0.089 52.1 81.85 14.4 
180 11.77 0.090 52.5 79.01 14.7 
190 10.93 0.091 53.1 77.97 14.7 
200 10.05 0.092 53.6 76.72 14.8 
210 9.11 0.0923 53.7 75.32 14.8 
220 8.22 0.0927 53.9 73.25 14.9 


0.0930 71.44 
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240 6.36 0.0930 54.1 69.54 15.1 
250 5.40 0.0930 54.0 67.05 15.4* 
260 4.48 0.0915 53.2 64.00 15.6* 
270 3.59 0.0885 51.6 60.37 15.8* 
280 2.71 0.084 49.2 55.97 15.9° 
290 1.92 0.0785 46.1 50.32 16.3* 
300 1.16 0.0710 41.8 42.97 17.0* 
310 0.49 jaae eee 33.06 nome 
320 0.32 oees weve 18.27 

321.65 0 cose sa 0 


TABLE [X.—Meruyt ALCOHOL. 


t°C. r. —dy / dT. E. r 10‘*E / TA 
20 23.02 ee sees 266.5 are 
70 17.64 bier sees 244.4 Sei 
80 16.70 0.0905 48.6 238.5 5.77 
90 15.72 0.095 ° 49.5 232.1 5.87 
100 14.80 0.0955 50.4 225.2 6.00 
110 13.85 0.098 51.4 218.3 6.14 
120 12.88 0.1005 52.4 211.0 6.32 
130 11.84 0.103 53.3 203.2 6.51 
140 10.79 0.1055 54.4 195.4 6.74 
150 9.77 0.108 55.4 185.6 7.06 
160 8.65 0.1105 56.5 178.2 7.32 
170 7.53 0.113 57.6 168.5 7.71 
180 6.41 0.1155 58.7 158.1 8.19 
190 5.23 0.117 59.4 147.5 8.70 
200 4.05 0.117 59.4 134.9 9.31 
210 2.93 0.114 58.0 119.5 10.05 
220 1.80 0.108 55.0 99.6 11.21 
230 0.77 0.093 47.5 74.6 12.67 
234 0.42 irae sees 61.9 
236 0.27 dow Jane 54.4 
240.0 0 ees cece 0 


TaBLE X.—Eruy.t ALCOHOL. 


t°C. r. —dy / dT. E. r 10°E / TA 
20 22.03 cae ane 208.0 ein 
40 20.20 0.0873 47.5 205.3 7.39 
60 18.43 0.091 48.7 199.2 7.35 
80 16.61 0.0943 49.9 191.6 7.38 
90 15.63 0.096 50.5 186.6 7.45 
100 14.67 0.098 51.2 181.8 7.55 


110 13,69 0.0995 51.8 174,9 7,73 
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120 12.68 0.1015 52.6 168.8 7.92 
130 11.63 0.103 53.1 162.1 8.14 
140 10.59 0.105 53.9 155.7 8.39 
150 9.52 0.107 54.8 149.3 8.67 
160 8.45 0.1085 55.4 141.7 9.03 
170 7.34 0.1105 56.3 133.6 9.51 
180 6.23 0.112 57.0 124.9 10.1 
190 5.13 0.112 57.0 114.8 10.7 
200 3.99 0.1105 50.7 104.0 11.5 
210 2.91 0.1065 54.3 91.8 12.3 
220 1.87 0.100 51.2 78.3 13.3 
230 0.91 0.089 45.7 62.5 14.5 
234 0.59 0.082 ‘ ior sees 
236 0.43 0.077 oe wine 

240 0.15 fais ies 35.6 

243.1 0 oes ene 0 


shown that the true heat of vaporization, even in the immediate 
neighborhood of the critical temperature, can be very closely ob- 
tained by means of two equations, one proposed by Mills and the 
other by Dieterici. Values thus obtained, designated by Mills 
and Dieterici, respectively, are given in the tables for comparison, 
and the constant shown as calculated from them. But one con- 
clusion is possible when the papers cited and the results shown 
have been studied: The increase in the value of the constant near 
the critical temperature is not largely due to errors in the values of the 
heats of vaporization used. 

Are then the surface tension measurements in error? The surface 
tensions used were calculated by Ramsey and Shields from the rise 
of the liquid in a capillary tube by means of the formula 

5. Y= %r.h.g. (d—D), 
where r is the radius of the tube, 4 is the height to which the 
liquid is raised, g is the gravitation constant, and d and D are the 
densities of the liquid and its saturated vapor at the temperature 
of the experiment. Since err:rs in r and g could not thus affect 
the result, we have only to consider the probable size of the errors 
inh and in d—D. There seems no good reason to suppose that 
large and regular errors were made in the determinations of the 
height of the rise of the liquid in the capillary tube. Regarding 
the possibility of errors in d—D, it is clear that, since d approaches 
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D in value as the critical temperature is approached, errors of 
measurement of the densities will be greatly multiplied near the 
critical temperature in their effect upon ¥. But the well-known 
form of the density curves and the law of “‘rectilinear diameters’’ 
aids greatly in smoothing out individual errors of observation. 
The papers of Ramsey and Shields do not state from what source 
the densities were obtained, but comparison makes it fairly certain 
that the measurements of ethyl oxide and water (except the den- 
sities for these two substances of the liquid to 100°), methyl and 
ethyl alcohols, and acetic acid were by Ramsey and Young; for 
methyl formate and ethyl acetate by Young and Thomas; for 
benzene, chlorobenzene, and cxrbon tetrachloride by Young. The 
measurements of these investigators, as is well known, are ex- 
ceedingly accurate and would introduce only comparatively small 
errors in ¥. (We would note a misprint in the density of methyl 
formate, liquid at 140°, 0.7368 for 0.7638; also in accordance: 
with Young’s data, carbon tetrachloride vapor at 230° should be 
0.1232; benzene at 280° should be 0.1660; and ethy] alcoho! at °200 
should be 0.1660; and ethyl! alcohol at 200° shou!d be 0.5568 for 
the liquid. The values for acetic acid have been revised by Young, 
the only changes of significance for our purpose being at 280° 
where the density of the liquid shou'd be 0.6629 and of the vapor 
0.0883; and at 320° for the vapor, which should be 0.2421. These 
«hanges will not affect the character of the results shown in the 
tables.) We conclude therefore that the surface tension movements 
are fairly accurate and cannot directly cause the variation shown in 
the constant. 

A relatively very large error ts introduced in the determination 
of  /dT. For near the critical temperature—T dy /dT becomes 
very large compared to ¥ and errors in ¢y/dT affect the constant 
almost proportionately. In determining ¢y /dT we deal with the 
difference of measurements of ¥ in themselves nearly equal and 
subject to some individual error. We would be inclined to think 
that with any one substance the error introduced into the con- 
stant through the uncertainty of the factor 9x /dT might be quite 
sufficient to explain the rise in the value of the constant at the 
critical temperature. But there seems no reason to suppose that 
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the error thus introduced would always be large and in the same 
direction, unless there is some undiscovered defect in the deter- 
mination of the surface tension. Nor is it reasonable to suppose 
that the consistently recurring decrease, even though it be small, 
in the value of the constant at low temperature, is to be attributed 
to chance errors in the measurements. 

The authors therefore conclude that the variation of the constant 
in the relation, E/ TA = constant, proposed by Whittaker, is not due 
to the measurements used in testing the relation, but to the fact that the 
relation is only approximately true. 

With regard to the associated liquids, as was to be expected, the 
constant makes no pretense of constancy for the alcohols. But 
contrary to expectation, the constant remains as near a constant 
fur water and acetic acid as it does for the non-associated liquids. 
We have no idea of the reason for this behavior. 

It is seldom that any physica! relation holds exactly true 
throughout a wide range of temperature. It is therefore quite 
reasonable to study the further relation stated by Whittaker and 
to seek a possible cause for the same. One of the authors in a 
paper already cited has discussed theoretically, and carefully 
tested by means of the extensive series of exact measurements 
available, the three following equations for the internal heat of 


vaporization: 
dP dP 
2. A =(T——P) (V—v)=0.0,3183 (T— — P) (V—-) calories. 
dT aT 
6. A= a4 CV4d — *Y D) calories. 
d T d 
s = CRT In— = 4.77 C — log — calories 
D m 


Equation 2 is the thermodynamical equation already mentioned. 
In obtaining the consiant the pressure is expressed in millimeters 
of mercury, and v and V are the volumes occupied by a gram of 
the liquid and of its saturated vapor. 

In equation 6 % is a constant for any partizular non-associated 
liquid, d is the density of the liquid, and D is the density of the 
saturated vapor. The values of % for the substances studied in 
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this paper are given in Table XI. The equation was deduced 
theoretically by Mills from assumptions regarding the molecular 
attraction and has been extensively studied’ and would seem to be 
exactly true for normal non-asociated liquids. 

In equation 7 C is a constant for any particular substance, hav- 
ing approximately the same value, 1.755, for all normal non- 
associated liquids, R is the usnal gas constant, and d and D rep- 
resent densities as before. The values for C are given in Table XI. 
The equation was first proposed as an empirical equation by 
Dieterici’ and has been further studied by Richter® and by Mills.‘ 

Inserting the values of FE and A from equations 1 and 2 in equa- 
tion 3, we get 

dy 
\-T a 

8. = constant, 

dP 
T(T aT ~ P)(V — v) 





as the form of the relation already studied. Now if it were porsi- 
ble to get the limit of this equation at the critical temperature a 
further test of its truth could be applied. This does not seem 
possible with our present knowledge. r probably falls out and 7 
cancels, leaving 

dx / dP 

-— F-<-R =a 

dT / aT 
as the indigestible form of the equation. The combination of the 
equations 1, 2 and 3 under approximations has been studied by 
Kleeman in the papers cited. 

Next combining the relation given in equation 6 with that of 
Whittaker we obtain, calling the constant of Whittaker’s relation k, 

9. E= kiTC/d —?/D) 

"J. Phys. Chem., 6, 209 (1902) ; 8, 383 (1904) ; 8, 593 (1904); 9, 402 (1905); 
10, 1 (1906) ; 11, 132 (1907); 11, 594 (1907) ; 13, 512 (1909). THis JourNAL, 
31, 1099 (1909). 

*Ann. Physik, 12, 144 (1903). 
3‘‘Ueber die innerer Verdampfungswarme, Rostock, 1908. 
‘Tus JouRNAL, 31, 1099 (1903). 
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The values of ku’ are given in Table XII, though we have as yet 
been able to draw no conclusion from their product. That the 
surface energy of a liquid should be proportional to the product of 
the absolute temperature and the difference of the cube roots of 
the densities of the liquid and vapor is very suggestive. For it has 
heen shown in the papers by Mills already cited that equation 6 
expresses a relation between the molecular attractive forces, 
and that this relation leads to the conclusion that uw 4d is the en- 
ergy necessary to overcome the molecular attraction in pulling 
the molecules of a liquid apart to an infinite distance. Simularly 


_u’ 4D would represent the energy necessary to pull apart the 


molecules of a vapor to an infinite distance, the temperature of the 
vapor remaining constant. Now the so-called liquid surface is 
really the resultant of two surface layers, the one of the liquid and 
the other of its vapor, in contact, with oppositely directed forces. 
Hence it would seem that the total surface energy of a liquid, as 
usually so-called, can be divided into two parts, one part due to 
the liquid E,, and the other part due to the vapor over the liquid Ey, 
the resultant forces being oppositely directed and the surface en- 
ergy of opposite sign from the standpoint of a surface molecule. 
We can then write the equations: 


10. E, = KT?/d 
11. Ey = K'1°VD. 
12. Ey — Ey = E= K'T(*/d—VD). 


Perhaps equations 10, 11, and 12 do not express a point of view 
entirely new so much as they serve merely to add emphasis and to 
give quantitative expression to a fact already well known, ‘namely, 
that the nature of the surrounding gas influences the surface ten- 
sion. It would seem from the suggested equations that perhaps 
the amount of such influence has been greatly underestimated. 

It would seem probable that if equations 10, 11 and 12 are true, 
the surface tension as usually measured should similarly be 
capable of division into two parts, one part due to the liquid sur- 
face, the other part due to the gaseous surface over the liquid. 





* See paper by Ramsey and Shields already cited, page 666, and similar 
determinations by others, 
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Such a prozess of division might result in finding simpler and 
more accurate relations between the surface tension and other 
quantities. Search by one of us for the proper modification to be 
applied to the liquid surface tension as usually measured in order 
to eliminate the effect of the vapor has apparently met with 
success, and if a full investigation confirms the results already 
derived the investigation will shortly be published. 


TasLe XI. 
Molecular weight 10°E/ TA, 
m. u. C. 10*k. 10'wk. 10°Ck. 
Ethyl oxide. ... ... 74.08 103.76 1.724 20.56 2132 3544 
Carbon tetrachloride.. 153.8 44.01 1.667 38.00 1672 6335 
so. ig a aeies 860 78.05 109.26 1.690 19.22 2122 3282 
Chlorobenzene....... 112.49  , 81.66 1.714 21.19 1730 3631 
Methyl] formate...... 60.032 119.86 1.706 21.44 2570 3657 
Ethyl acetate........ 88.064 98.88 1.812 20.61 2038 3735 
a ssoe 18.016 555.1° sata 6.85 3802 re 
Acetic acid.......... Gee... satel 14.74 eae 
Methyl alcohol....... 32.032 305.0* mie 5.88* 1794 
Ethyl alcohol........ 46.048 240.9* aeae 7.42* 1787 


* Not constant. 
If the value of 4 from equation 7 be used in the equation 3 pro- 
posed by Whittaker we have 


d 
13. E = kCRT*ln—. 
D 


The value of the product 10‘Ck is given in Table XI, but we can 
draw no conclusion of interest from the result. Equation 7, as 
has been shown in the papers cited, is not exactly true at very low 
vapor pressures for the liquid, but the error is probably not so 
great as one calorie for any of the non-associated substances over 
the entire range of temperature covered by the present investiga- 
tion. The errors introduced by equation 7 are therefore far less 
than the errors of equation 2 with which it was combined. 

Equation 13 is similar to equation 9 in its suggestion of a division 
of the total surface energy into two parts, one due to the liquid and 
the other due to the vapor. The resulting equations can be 
written, 





r 


r 
b 
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14. E;, = K" RT’ Ind, 
15. Ey = K" RT’ ln D, 
d 
16. E,— Ey = E= K"RT’ ln — 
D 


where K’’ = Ck. These relations will also be further studied. 


In conclusion, we differ from the arguments and conclusions 
advanced in the papers by Kleeman already cited at many points, 
but we would call particular attention to but two things: First.— 
In the investigation of the inverse fifth power law of the molecular 
attraction’ he uses data from the papers already cited on molecular 
attraction by Mills. He ignores the fact that in those papers it 
has been shown that the assumption of the inverse square law of 
the distance gives a consistent agreement with the data over the 
entire range of temperature, not only for the substances that he 
investigates but for numerous others. Also when the results 
within 20° of the critical temperature are left out of consideration 
Kleeman obtains a consistent decrease of about 25 per cent. in his 
results at different temperatures. If the attractive force did not 
vary with the temperature, the greatest allowable variation from 
the mean to be attributed to the usual errors in the data should be 
2 per cent., and we have shown that the inverse square law gives re- 
sults within this limit—and usually far within this limit—for 
eight substances investigated gave no divergence from the mean 
greater than 1 per cent. 

Second.—To explain the variation he obtains, Kleeman thinks 
that the force of attraction may diminish with rise of temperature. 
The papers by Mills as cited find that as regards the molecular 
attraction all of the evidence disproves this position, and as re- 
gards the chemical attraction, the possibility of a change of at- 
traction with temperature was further especially considered in a 
paper on chemical energy, and no evidence whatever for such 
a belief was found in the case investigated. 





* Phil. Mag., 19, 795 (1910). 
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Summary 


1. The relation proposed by Whittaker that ‘““The surface en- 
ergy of a liquid in contact with its own vapor at a temperature is 
proportionate to the product of the internal latent heat and the 
(absolute) temperature’’ has been investigated and the conclusion 
drawn that the relation is only approximately true. 

2. The relation is shown to suggest a division of the so-called 
surface energy of a liquid into two parts, one part due to the liquid 
surface and the other to the surface of the vapor over the liquid. 
Further investigation of this suggestion is promised. 

* Trans. Am. Electrochem. Soc., 14, 35 (1908). 

CHAPEL Hii, N. C. 











THE RATE OF EXTRACTION OF PLANT FOOD CON- 
STITUENTS FROM THE PHOSPHATES OF CALCIUM 
AND FROM A LOAM SOIL* 


BY JAMES M. BELL. 


In a recent paper entitled-‘‘Ein Beitrag zur Diingemittel und 
Bodenanalyse,’’ E. A. Mitscherlich, R.: Kunze, K.Celichowski, and 
E. Merres, have investigated the rate of solution: of two, phosphates 
of calcium and the rate of extraction of lime from a loam’soil, by 
water saturated with carbon dioxide. .The conclusion was reached 
that the usual equation expressing the-rate of solution does not 
accord with their data.*'In this equation, viz.: 


dy / dt = k(A —_y) .......c.ccccceeceeee (1) 
which when integrated becomes 
log (A — y) = log_A — @............ (2) 


A represents the concentration “of. the , solution .when, final 
equilibrium is reached. In applying’ these equations, ,however, 
the authors have mistaken the significance of A; since.,the value 
of A used by them was the total quantity of: the salt which was 
originally mixed with. the carbonated water, and not that, portion 
of salt which the liquid was capable of dissolving. Only when,the 
quantity of salt added to the.water.is just sufficient for saturation 
is the above procedure valid. Since in the experiments, two dif- 
ferent original ratios of dicalcium phosphate to water were 
employed, viz.: 1: 750 and 1 : 1500, at least in one case (and 
probably in both) a wrong value was assigned to A. In_ the: case 





*Reprinted from the Journal of the American Chemical Society, | Vol. 
XXXII. No.7. July, 1910. 


* Landw. Jahrb., 39, 299 (1910). 
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of tricalcium phosphate four different ratios of salt to water were 
employed, viz.: 1 : 1500, 1 : 2000, 1 : 3000, and 1 : 6000. So 
that in three of the four series, and probably also in the fourth, 
incorrect values were assigned to A. 

As the above equations under these conditions failed to accord 
well with the data, a modified form of equation (2) has been pro- 


posed by the above authors, 
log (A —y) =A Oe cxtsnciednnel écdacn (3) 


in which A represents the total quantity of the salt and ¢ and n 
are constants. It seems to me proper, therefore, to recalculate 
the results, in order to determine whether equations (1) and (2) 
are really out of accord with the data 

Before discussing the recalculated results, several features of 
solution phenomena should be recalled. It is obvious that the 
rate of solution of any substance depends upon its exposed sur- 
face. Where the substance is in grains of widely different sizes, 
it is not possible to deduce any rational equation representing the 
rate of solution of such an aggregation of particles. And further, 
if any empirical equation is found to conform with the data for 
material in one mechanical condition, that equation will not, in 
general, describe the rate of solution of material which is chem- 
ically the same but mechanically different. Consequently experi- 
ments on rate of solution have usually been carried out with large 
crystals of low solubility, the surface changing but slightly during 
the course of the experiment. It is apparent also that an 
aggregation of crystals of uniform size and of low solubility may 
be considered as of constant surface during the solution. 

In the experiments of Mitscherlich, Kunze, Celichowski, and 
Merres powdered material was probably used, but no statement is 
made as to its mechanical condition. The data indicate that the 
surface exposed must have altered considerably, for in the experi- 
ments with dicalcium phosphate over half of the phosphoric 
anhydride was extracted, and in the experiments with tricalcium 
phosphate, at least 45 per cent of the phosphoric anhydride was 
extracted. Consequently, even if the proper value of A (the total 
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quantity of phosphoric anhydride in solution at equilibrium) had 
been used in the calculations, the usual equation for rate of 
solution might have failed because of the great changes in the 
extent of surface. 

In the tables the first figures give the concentration of the solu- 
tion one hour after the salt and water were mixed. In my 
recalculated results, this has been taken as the starting point of 
the reaction, for the following reasons: In every case more 
phosphoric anhydride passed into solution within the first hour 
(within which no determinations were made) than in the re- 
maining time of the reaction (23-47 hours). Thus, calculated on 
the basis of 45.55 per cent. phosphoric anhydride in dicalcium 
phosphate, in one case the increase was from 20.16 per cent. after 
1 hour to only 23.03 per cent. after 47 hours more, and in the 
other case the variation was between 35.09 per cent. and 39.67 per 
cent. Similarly for tricalcium phosphate with 43.22 per cent. 
phosphoric anhydride, the increases for four experiments were as 
follows: From 14.92 per cent. after 1 hour to 19.83 per cent. 
after 47 hours more; from 17.24 per cent. after 1 hour to 24.69 
per cent. after 24 hours; from 20.99 per cent. after 1 hour to 
34.55 per cent. after 48 hours; and from 21.46 per cent. after 1 
hour to 42.14 per cent. after 24 hours. Thus, for most of the 
cases, the solution has been very close to equilibrium, and the 
extent of surface has probably changed but little. For the last 
two cases given (Tables V and VI) however, the changes in sur- 
face have been considerable. In the recalculated results this 
surface factor has been assumed constant, a legitimate assumption 
in all but two cases (Tables V and VI). Even in these two cases, 
in spite of this objection to the application of the usual equation, 
it will be seen that the equation describes the facts at least as well 
as the empirical equation proposed by the above authors, 
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Tas.e I.—Rare oF So.uTion oF Dicatcrum PHOSPHATE IN WATER SATURATED 
wits CO,. Ratio or Sart tro Water, 1 : 750. Temp. 30° C. 





Original. Recalculated. 

A. Dien — 

y cale. T= Y= Y cale. y calc. = 
t. yfound. fromegqn. (4). t—1 y—20.16 fromeqn.(5) Y+20.16. 
1 20.16 20.05 0 0 0 20.16 
2 20.80 20.56 1 0.64 0.23 20.39 
4 21.15 21.10 3 0.99 0.64 20.80 
8 22.42 21.63 7 1.26 1.29 21.45 
12 21.53 21.94 11 1.37 1.76 21.92 
24 22.78 22.47 23 2.62 2.53 22.69 
48 23.03 23.02 47 2.87 2.93 23.09 

20 
log (45.55—y) = 1.6585—0252 yf eee (4) 
log (300—Y¥) = low 3.00—0.0G5T....... 22. cccccscccccccccces (5) 


Taser IT.—Rare or So.vtion or Dicaicium PHosPHATE IN WATER SATURATED 
witH ©O,. Ratio or Sart To Water, 1 : 1500. Temp. 30°C. 





Original. Recalculated. 
y eale. T= Y= Y calc. y cale. 

t. yfound. from egn. (6). t—1. y—35.09 fromeqn. (7) Y + 35.09 
1 35.09 35.00 0 0 0 35.09 
2 35.82 36.05 1 0.73 0.68 35.77 
4 37.09 37.06 3 2.00 1.76 36.85 
8 38.29 38.02 7 3.20 3.11 38.20 
12 38.67 38.56 11 3.58 3.82 38.91 
24 39.31 39.45 23 4.22 4.49 39.58 
48 39.67 40.21 47 4.58 4.60 39.69 
log (45.55—y) = Fy Se en eee iva ate (6) 
log (4.60—Y) = log 4.60—0.70T............ eT ee (7) 


TasB_e ITI.—Rarte or SoLution oF TRICALCIUM PHOSPHATE IN WATER 
SATURATED wiTH CO,. Ratio or Satt ro WaTER, 1 : 1500. 
Temp. 30°C. 





Original. Recalculated. 
a “~ t - ~ 
y cale. T= Y= Y cale. y calc. = 
t. yfound. fromegn. (8). t—1. y—14.92. fromeqn. (9). Y+14.92. 
1 14.92 17.29 0 0 0 14.92 
2 16.31 17.78 1 1.39 1.03 15.95 


4 18.15 18.23 3 3.23 2.49 17.41 
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8 18.92 18.71 7 4.00 4.00 18.92 
12 18.96 18.99 11 4.04 4.60 19.52 
18 19.05 19.27 17 4.13 4.90 19.82 
24 19.68 19.48 23 4.76 4.97 19.89 
48 19.83 19.97 47 4.91 5.00 19.92 

20 

log (43.22—y) = 1,6357—0.222 V6...... 2.00 ccceeceereeeees (8) 

log (5.00—Y) = log 5.00—0.100 T.... 2.2... ceeseeeeseeeeees (9) 


TABLE [V.—RareE oF SOLUTION OF TRICALCIUM PHOSPHATE IN WATER 
SATURATED with CO,. Ratio or Sart To Water, 1 : 2000. 
Tremp. 30° C. 





Original. Recalculated. 
y cale. T= v= Y cale. y cale. = 
t. yfound. fromeqn. (10. t—1. y—17.24. fromegn. (11). Y+17.24. 
1 17.24 21.51 0 0 0 19.43 
2 20.19 22.20 1 2.95 2.19 19.43 
4 20.75 22.92 3 5.51 4.84 22.08 
8 23.68 23.59 7 6.44 6.83 24.07 
12 23.90 24.04 11 6.66 7.33 24.57 
24 24.69 24.77 23 7.45 7.50 24.74 
15 
log (43.22—y) =1.6857—0.299 Vt.......cccccceeeeeeeen (10) 
log (7.50—Y) = log 7.50—0.150T................ (11) 


TABLE V.—RATE OF SOLUTION OF TRICALCIUM PHOSPHATE IN WATER 
SATURATED WITH CO,. Ratio oF Satr to Water, 1 : 3000. 





Temp. 30° C. 
Original. Recalculated. 
y cale. T= Y= Y cale. y calc, = 
t. yfound from eqn. (12) t—1 y—20.99 fromeqn. (13) Y-+20.99 
1 20.99 24.78 0 0 0 20.99 
2 24.35 26.60 1 3.36 3.19 24.18 
4 28.55 28.44 3 7.56 5.60 26.59 
8 30.66 30.28 7 9.67 9.67 30.56 
12 31.30 31.34 11 10.31 11.46 32.45 
24 33.71 33.06 23 12.72 13.01 34.00 
48 34.15 34.70 47 13.16 13.20 34.19 
6 
log (43.22—y) = 1.6357—0870 /t............-..++-(12) 


log (13.20—Y) = log 13.20—0.080T..............+-- (18) 
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TABLE VI.—Rare oF SoLutiIon oF TRICALCIUM PHOSPHATE IN WATER 


Ratro oF SALT To Water, 1 : 6000. 












WATER SATURATED wits COQ,,. 





tf 













t 

2 

4 

8 
11.5 
16 


24 
32 


Temp. 30° C. 
Original. Recalculated. 
¢ “ Te ¢ “ _ 
y_cale. T= Y= Y cale. y cale, = 
t. yfound fromegn. (14) t—1 y—21.48 fromegqn. (15) Y+21.48. 
1 21.48 28.31 0 0 0 21.48 
2 30.30 32.59 1 8.82 6.40 27.88 
4 36.71 36.44 3 15.23 13.85 35.33 
8 39.67 39.48 7 18.19 19.15 40.61 
12 40.88 40.77 11 19.40 20.34 41.82 
24 42.14 42.22 23 20.66 20.70 42.18 
5 
log (43.22—y) = 1.6357-—0.462 J?’...... - + (14) 
log (20.70—Y) = log 20.70—0.160T..... --(15) 


TABLE XXI.—RaATE oF SOLUTION OF LIME FROM A LOAM Sol. BY 


Ratio oF Sor to Warrer, 1: 10. 





Temp. 30° C. 
Original. Recalculated. 
A " oer “~ ‘ 
y cale. T= Y= Y cale. y cale.= 
y found. from eqn. (16) ¢—2 y—0.1087 fromeqn.(17) Y-+0.1087 
0.1087 0.1069 0 0 0 0.1087 
0.1199 0.1232 2 0.0112 0.0107 0.1194 
0.1342 0.1378 6 0.0257 0.0264 0.1351 
0.1461 0.1450 9.5 0.0374 0.0360 0.1447 
0.1520 0.1511 14 0.0433 0.0436 0.1523 
0.1572 0.1578 22 0.0485 0.0512 0.1599 
0.1631 0.1620 30 0.0544 0.0544 0.1631 
log (0.18—y) = (0.2558—1)—0.815 /t.....-....--5: (16) 
log (0.057—Y) = log 0.057—0.045T............-.... (17) 


From the above tables it is evident that the results calculated 
by the usual velocity equation are in as good accord with the ob- 
served values, as are the results calculated by the empirical 
equation (3) proposed by the above authors. 

Finally it should be observed that A, which is the maximum 
quantity of phosphoric anhydride which the liquid can extract, is 
not identical in Tables IJ, or in Tables III to VI. 


If the 
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phenomenon being measured was one of solution only, this would 
of course, be a legitimate objection to these calculations. But it 
has been shown that when water acts on dicalcium phosphate or 
tricalcium phosphate a decomposition results, the solution having 
a higher ratio, P,O,:CaO, than the remaining solid.” The same 
sort of hydrolysis undoubtedly takes place when carbonated water 
is used asasolvent. With an hydrolysis whose extent depends on 
the original ratio of salt to water, the quantity of phosphoric 
anhydride in solution at equilibrium depends on the quantity of 
salt originally employed, and hence A will vary with the condi- 
tions of experiments. 

In this paper it has been shown that notwithstanding the con- 
ditions militating against the use of the ordinary equation for 
rate of solution, viz.: the variable extent of surface and the fact 
that the phenomenon observed is not one of solution only but also 
of hydrolysis, this equation describes the data at least as well as 
the empirical equation proposed by Mitscherlich, Kunze, 
Celichowski, and Merres. 

The usual equation for rate of solution also describes very well 
the extraction of lime from a loam soil by carbonated water. 


‘Cameron and Bell, Bull. 41, Bureau of Soils, U.S. Dept. Agr. 








TOPOGRAPHY OF FAYETTEVILLE, NORTH CAROLINA 


By WiuuiaM H. Fry. 


The region directly around and in Fayetteville, N. C., ina gen- 
eral way can be divided into three subdivisions, each of which is 
topographically independent and distinct from the other two, 
although not so geologically. The first of these subdivisions lies 
to the west of the town and includes Haymount, Massey’s, and 
Harrington’s hills. These hills, despite their different names, are 
in reality all one, they being merely difierent portions of the 
range running northeast and southwest through the State. In 
fact, the line where one begins and the other ends is not a 
definitely settled point. The names are simply broad designa- 
tions of the particular parts of the hills to which the major streets 
of the town run. 

The second division borders the foot of this line of hills, and 
and extends in breadth eastwardly somewhat slightly above a mile. 
Here its border is marked by a steep but short incline which runs 
parallel, with but few breaks, to the hills, the opposite border. 
How far beyond the immediate vicinity of Fayetteville this may 
be true cannot wel! be ascertained, owing to the fact that plowing 
and erosion have rendered the incline indeterminable wherever 
the earth has not been protected by vegetation. But, judging 
from analogy, it should run parallel to the hills through the whole 
breadth of theState. This second division includes the upper and 
central portions of the town. 

Bordering upon the second division and running indefinitely 
eastward is the third division. It may include the whole eastward 
section of the State; but detailed maps are too few to settle 
this point. With but little error it may be said that this third 
division takes its beginning at Dick, Green, Ramsey and North 
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streets and includes in Fayetteville, what is locally known as Frog- 
town and Campbelltown, ending, as far as our present purpose 
goes, at the Cape Fear River. 

From the foregoing description it can be seen that Fayetteville 
consists of three steps rising in a regular order of succession and 
each at an increasing height above the former. This condition is 
of course most easily seen on the streets running eastwardly and 
westwardly where the slopes have been protected from erosion 
by boards placed transverse to the streets, by layers of such 
resistant materials as cinders, and by the turfing of terraces in the 
lots on either side. Fortunately such streets are numerous. But 
even were this not so the line of demarcation would still be readily 
visible inside the town and even at some points outside where the 
land has not been cultivated. It may be remarked, by the way, 
that these topographical divisions eorrespond closely with the 
economic or political sections of the town, the lower or eastward 
section containing the most shiftless of the population, the middle 
division being the business section, and the upper or westward 
division being the residential district. 

The upper or westward division, as has been stated above, is 
simply a part of the range of sand hills running through the State 
in a northeasterly and southwesterly direction. The part con- 
sidered here is about four miles long, extending from the Cochran 
farm on the north to the Holt-Tolar-Hart Cotton Mill on the 
south. This section is composed essentially of white sand, mainly 
quartzose, overlain and in many places interstratified with a yel 
lowish red clay. All of the materials are rather coarse. Only in 
those parts where the yellowish red clay occurs is the soil 
cultivated. At the other places the sand is almost pure quartz, 
unadulterated save by a little vegetable mould. Practically all of 
the clay found on or near the roads has been transported to the 
spot for the purpose of making sand-clay roads. 

The natural vegetation of the area affords a true and typical 
index of its sandy and desert character. Here are found pines, 
scattered and thin bunches of rough grass, and an abundance of 
the prickly pear cactus (Opuntia). The prickly pears are so 
abundant that small barefooted boys invariably keep to the roads 
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or well beaten paths, games on anything but much used places 
being entirely out of the question. 

This upper section or division can be called a topographical unit 
only if viewed in a very general way. But in reality it is made 
up of very marked hills and valleys. These are comparatively 
close together and seem to be scattered about promiscuously. 
The slopes of these, however, are all gradual, there being, with 
one exception to be noted later, no steep or abrupt inclinations. 
This condition is, of course, what might be expected in a range of 
hills of the character of this where the material readily yields to 
the action of both rain and wind. 

Two main valleys cut through the hills and form the loci to 
to which all the minor va!leys tend. As usual in this area, these 
two valleys are very wide compared with their depth and have 
very gradual slopes both laterally and longitudinally. The 
bottoms and broad plains which are occasionally flooded after 
heavy rains. At one point, however, as noted above, near 
Monticello Heights, the slope is exceedingly abrupt. But this 
can be accounted for by the fact that here the stream has left the 
hills and is flowing along the foot of one of them with the swifter 
motion on the westward or hill-side of the stream, thus naturally 
tending to encroach upon the hill. Besides, the rapid erosion of 
the slope above the stream is prevented by a thick growth of tall 
pines and underbrush, which has, so far as could be learned, 
never been cut. 

The second and third divisions have no distinctive character by 
which they can be separated from each other save position. As 
has already been said, they lie parallel both with each other and 
with the first division. 

The material composing them is much finer in texture than that 
of the hills, being in many cases simply a mixture of clay and 
organic mould, which extends to a considerable depth, as would 
be observed in recent excavations made for a sewerage system. 
Much of the organic material was undoubtedly deposited when the 
land stood at a lower level and swamp conditions prevailed, before 
the uplift allowed the streams to cut deep enough to afford 
drainage for the area. The clay is probably derived from the 
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wash of the hills. At a depth of about ten to fifteen feet below 
the surface sand and grave! are encountered. This is pure enough 
to be used for plastering after having been screened from the gravel 
that occurs with it. The gravels are very much rounded, indi- 
cating much exposure to running water. 

As for the origin of this topography: it is probable that the 
hills constitute the upper part of an old shore line from which the 
waters receded in a very recent geological period, the exact time 
not having been determined. The second division, as indicated 
by the water-worn sand and gravel, was probably that part of the 
shore between high and low tides. The clay and organic matter 
were probably deposited after the emergence of the division. The 
third division, which now slopes gradually eastward, was probably 
covered by the sea. These explanations account for the present 
rather unusually regular topography; while later erosion and 
transportation of material account for all seeming irregularities 
such as are found at many places near the creeks. 

As for geological changes now going on: ‘n the hill region the 
sand is being cemented together by iron oxide, forming a coarse 
red sandstone. This is found in lumpy aggregates, or more often 
in thin, closely compacted layers or hardpans. Erosion, as has 
already been mentioned, forms broad, gently sloping valleys in 
the hills; but in the lower regions, where the first ten or fifteen 
feet is clayey, narrow and deep valleys are cut reaching a depth 
of thirty or more feet, where the streams debouch into the 
river. 








Sp ceseatinadenaabt aie aaetikeliohed 


np 


en een ee 





GREAT DAMAGE FROM RECENT FOREST FIRES! 


WHAT SHALL WE DO ABOUT IT?* 


During the latter part of March .and the first half of April, 
eastern and central North Carolina have experienced one of the 
severest periods of dry weather that has occurred" for many years. 
Not only did little or no rain fall over the greater part of the State 
for about five weeks, but there was almost:‘continuous sunshine 
during this period. Grass aii leaves in the woods became as dry 
as tinder, and forest fires were of almost daily occurrence over the 
greater part of the State. 

The Survey, anticipating the usual’spring drought, issued about 
the middle of March a statement to the newspapers, calling atten- 
tion to the serious effects of such fires, in which it brought out the 
fact that the greater number of these fires—at least the most .de- 
structive ones—at this ‘season are caused by ‘farmers carelessly 
setting fire to.brush, stumps, and other rubbish, collected in 
clearing up the ground for cultivation. This statement ‘was 
published at length, or in shortened form, by many of the leading 
State newspapers and was very favorably noticed by the leading 
lumber journal of the country. Though this warning was timely, 
and probably exerted some influence,’ it did not have a_ very 
marked effect. So much damage was reported through the 
various State papers that the North Carolina Geological and 
Economic Survey determined to investigate the causes of these fires 
and see if the damage done by them was as great as the dispatches 
indicated, with tne purpose of working out some method of pre- 
venting the almost annual occurrence of these destructive spring 
fires. 

About the middle of April the Forester to the Survey made a 
trip into Moore and Cumberland counties with the special? pur- 
pose of collecting data on fire causes and damage. At this time 





*Press Bulletin No. 39, N. C.-Geological;Survey. 
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the drought had been broken by a general rain and all the fires 
had been put out, though some stumps and logs were still smoking 
on some of the more recently burned. areas. Conditions were 
found to be worse even than had been .represented in the press. 
During the dry spell, scores of fires had started in these counties 
alone, many of them burning for days, traversing miles of country 
and covering thousands of acres of woodland. At least half of the 
area of the southern part of Moore County and by far the greater 
part of the woodland of Cumberland County was found to have 
been burnt over this past spring. Some areas had been burnt in 
the winter, and on these, though the mature growth showed little 
injury, the young growth was, of course, largely destroyed. In 
every direction blackened woods, scorched and dead pines, dying 
and dead hardwoods could be seen; even the resistant scrub oaks 
were absolutely killed on thousands of acres. 

As is well known, fires are very much more destructive in the 
late spring than at any other season of the year. The sap being 
up in the trees and the new leaves coming out, make the trees 
especially susceptible to fire. On account of the excessive dryness 
the recent fires have been unusually severe, and, though the ef- 
forts to extinguish them seem to have been greater than usual, 
many fires had to practically burn themselves out because it was 
impossible to work near enough to the fires to stop them. In 
many cases fire was carried from 50 to 100 yards, or even more, 
through the air by the wind. So great was the heat and so rapid 
the spread of the fire, that in many cases a thousand acres, or more, 
burnt over in two or three hours time. 

In these two counties, not less than 250,000 acres of woodland 
have been burnt over during the past winter and spring, and 
probably half of that amount was burnt during this last dry spell. 
The damage varied with the time at which the fire occurred, with 
the amount of dead vegetable matter on the ground, and with the 
age, density and character of the growth on the area. Though 
the greater part of the area burnt—probably 80 per cent—is sand- 
hill land, growing only small scrub oak and little or no pine, 
still the damage is very serious. As this land is used only to grow 
timber, the prevention of a profitable growth on it means 
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destruction of the usefulness of the land. Fifty cents an acre is a 
low average for the damage done by one fire to this class of land. 
Near the towns, however, especially the towns that are chiefly de- 
pendent for their prosperity on the winter resort business, the 
injury by fire has been eight or ten times this amount. In many 
cases, attempts have been made, with more or less success for 
a number of years, to protect the pine growth, both for the value 
of the trees for timber and more especially for their aesthetic 
value. Where this was the case, the destruction of the young 
growth on these areas can hardly be estimated in dollars and 
cents. In several such cases the damage over considerable areas 
amounts to from five to seven “ollars per acre, not including the 
destruction of buildings. To show that this is a conservative 
estimate and to illustrate in what way the amount of damage is 
arrived at, a specific estimate is here given. On a large tract of 
land near one of these resort towns, used, through the courtesy of 
the owner by the general public as a park and pleasure ground, 
about 900 acres was burned over early in April by two closely 
consecutive fires. Of this 900 acres, 50 acres was round timber, 
that is, mature, unboxed, long-leaf pine; 150 acres was old field 
growing up to young pine; the balance of 700 acres was boxed 
timber, or rather, scrub oak with scattered mature pines which 
had been previously boxed for turpentine. The round timber is 
worth approximately $50.00 per acre for the timber itself. It was 
estimated that one-tenth of this timber was killed; probably half 
of this can, ‘however, be used for fire-wood. Thus, out of $5.00 
worth of timber killed, half of it is a total loss, and the other half 
a partial loss, as the price for cord wood is less than for saw tim- 
ber; this would make a total loss of $3.75 per acre. The loss to 
this part of the property in appearance is roughly estimated at 
fifty cents an acre, though a very much larger sum would not 
compensate for the loss to the beauty of this tract of forest. The 
estimated damage then is $4.25 per acre. The old field was 
covered with a growth of pine averaging approximately 18 years 


of age. This timber will be worth at least $50.00 per acre when 


100 years old, so that one year’s growth would be worth fifty cents 
an acre, or 18 years’ growth would amount to $9.00 peracre. As, 
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however, some of the growth was not killed outright, though all 
was severely injured, the damage to the young growth on this 
tract was estimated at $5.00 per acre. The young pine was 
growing in the most conspicuous part of the property, that sur- 
rounding the golf links, and the injury to scenic beauty was 
therefore much greater here than on any other part of the 
property. $2.00 per acre is a low estimate for this damage. This, 
together with the $5.00 for the destruction of the trees, makes 
a total loss of $7.00 per acre for this 150 acres of old field. On 
the area on which the boxed timber was the chief valuable growth 
the damage consists (1) in the burning down and consequent de- 
struction of half the stand of boxed timber, amounting to some 
250 feet board measure, per acre, worth approximately $1.25 per 
acre; (2) in the total destruction of a stand of seedlings and young 
growth of pine approximately four years old, worth $2.00 per 
acre; (3) in the injury to the beauty of the tract, fifty cents per 
acre, or a total of $3.75. 

The above estimate does not include fences, bridges, ete., ap- 
proximately $200 worth of which were destroyed. An enormous 
quantity also of lightwood was burned up, for which a nominal 
estimate of twenty-five cents per acre is made. This gives a total 
loss for the 900 acres burned over of something like $4,300, which 
would be increased by $100 to $200 for the cost of fighting these 
two and some other fires that threatened the property. 

The above gives some idea how the loss through fire can be ap- 
proximately arrived at, and also brings out the point that it is not 
only the loss of salable material that should be counted, but all 
other direct and indirect losses. Even in this estimate, however, 
one very important item has been omitted, which is the impov- 
erishment of the soil from the destruction of the humus. This is 
very serious, and is very generally recognized, though it is 
exceedingly hard to put it into dollars and cents. 

These two fires under consideration were set by sparks from a 
railroad train. So, also, was the one in Cumberland County, n 
which, after burning over several miles of country, an old woman 
lost her life. This woman, Mrs. Kate Howard, lived with her 
sister not far from a well traveled road. The two of them made 
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their living, at least through the spring and summer, by gathering 
flowers and plants in the woods and shipping them North. The 
fire which this woman went out to fight was threatening not only 
her house but her livelihood, as wherever the fire went it destroyed 
the flowers, so that even had. she-not lost her life, the fire was a 
very serious thing to her. 

Another very destructive fire in the loblolly pine country, near 
Fayetteville, was set out by a tenant farmer who owned no land 
of his own. ‘This man set fire to half an acre of old field that he 
wanted to plow, in the middle of the day. The wind quickly 
carried the fire beyond control, and before it was stopped, two or 
three hours later, it had swept through 1,200 acres of woodland 
belonging to a dozen or more different men, causing an estimated 
loss in timber and fences of nearly $5,000. 

Another destructive fire in Cumberland County was caused by 
setting fire to a brush pile on a dry, windy day. The fire was 
carried from this pile by the wind 75 or 100 feet across a wide 
road, setting fire to the woods and quickly doing a thousand dol- 
lars worth of damage to the fences and young timber of one of the 
neighbors. 

Many people, when asked as to the cause of so many destructive 
fires, attributed them entirely to the unprecedented dry weather, 
forgetting that this alone could not cause the fires. Most people, 
however, seemed to recognize the fact that during such a drought 
the greatest care should be exercised to keep fires from getting out, 
and that it was to the neglect of proper precautions in handling 
fire that the greater part of this damage was due. This criminal 
neglect, chiefly on the part of the railroads and of the small tenant 
farmers, was brought out very clearly in the present investigation. 
Out of over thirty fires taken note of, practically one-half resulted 
from sparks from railroad locomotives, and about one-third were 
caused by fire getting away from farmers carelessly burning brush 
and rubbish. It seems to be generally felt that the only way such 
fires can be prevented is by the passage of a law for the purpose of 
controlling or restraining those responsible for these two classes of 
forest fires. The State Geological and Economic Survey is of the 
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same opinion, and suggests that legislation along these lines be 
taken up next winter. 

Railroad fires could in large part be prevented if the railway 
companies kept their rights-of-way cleared of brush, grass, weeds 
and other inflammable material. One substantial property owner 
in Cumberland County says he asked the railroad two or three 
times the past winter to clear off its right-of-way, apparently with- 
out result. Very few roads keep the whole of their right-of-way 
cleaned up, though some seem willing to codperate with property 
owners by burning off each side of their track at some time during 
the winter. The railroads have in most instances been given their 
right-of-way by the property holders along the line, and they 
ought to be compelled by the State to keep it cleaned up, so that 
it does not become a menace to these adjacent owners. In many 
States this is required, and it is found to work well where the law 
is enforced. 

Nearly half of the destructive fires occurring late in the season 
were found to be due to the careless burning of rubbish, brush, 
log piles, stumps, etc., by farmers clearing up their land for cul- 
tivation. In most cases it was found that it was not the owner of 
the land who was responsible for the fire, but some small tenant 
farmer who had little interest in the property, and, in most cases, 
had no land of his own. Even small fires, during the dry spring 
weather, will be carried quite long distances by the wind—in- 
stances of fire being carried 100 yards or more, across plowed land, 
were cited by several different people. It ought to be made a 
criminal] offense for a man to set out fire, even on his own land, 
during such dry weather, fora man who has no property, and 
cannot pay a fine, cares little about being sued for damages. 
Intelligent citizens and property owners all over the State would, 
it is thought, support a law to this effect, and it seems the only 
way to prevent fires resulting from such criminal carelessness. 

To both of these proposed remedies, a very strong and valid ob- 
jection can be raised, namely, that the passage of laws is of little 
value unless they are enforced. Even now the law requiring notice 
to be given to adjacent land owners before a fire is set out is a dead 
letter, because it is never enforced. A man very naturally objects 
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to suing a relative or a near neighbor and perhaps landing him in 
jail, for, besides the natura! reluctance to make an enemy of one 
who is possibly a good friend, there is always present the idea that 
an offended neighbor may retaliate in some way at some future 
time. An instance of this reluctance to sue was brought to the 
attention of the Forester during this investigation. Two men had 
set fire to the woods during the recent dry spell, on purpose to 
prevent any possible fire getting to their fences. After securing 
their own property, they had made no attempt to extinguish the 
fire, and it had burned over a large extent of country, and done 
very serious damage to several of the neighbors. This was clearly 
in violation of the present law. Witnesses could have been 
procured to testify to the facts in this case, but no one would 
prosecute, because every one who was injured was related more or 
less to one or other of these men. This feeling has, all over the 
State, practically nullified the law, so that, where it isno one’s duty 
to enforce the law, it becomes useless. It is therefore suggested 
that in addition to the two laws above outlined, the execution of 
them be placed in the hands of a man specially appointed in each 
county or township desiring it. This man, who might be termed 
a fire warden, should be appointed by the Governor, on the 
recommendation of the people of the county, and be given powers 
similar to those of a deputy sheriff. His duties should be to in- 
vestigate all forest fires which occur in his county, to find out who 
the guilty parties are, and to report direct to some State official, 
such as the State Geologist or the State Forester. This official 
would then, through the fire warden on the ground, prosecute all 
offenders against the forest laws. Thus the idea would be 
eliminated that any such prosecutions were brought about from 
personal motives. It is not recommended that county fire wardens 
be appointed in every county in the State, but only in those in 
which the fire danger warrantsit. In counties where there is over 
50 per cent of woodland the costs for the maintenance of such an 
official would quickly be much more than offset by the increased 
value of the forests of the county through the prevention of fire. 
If such laws had been in effect, and such men had been on duty 
in Moore and Cumberland counties the past spring, there is no 
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doubt that a saving of many thousands of dollars would have re- 
sulted to the people of these counties. 

During the present summer, while members of the two branches 
of the State Legislature are being nominated and elected, the 
people should keep this question in mind. Every candidate 
should be interrogated as to how he stands on the forest flre ques- 
tion. It is really very much more important to determine what 
a man intends to do in the Legislature, than what he thinks on a 
question which does not affect this State at all. It is hoped that 
the next Legislature will take up this question and push through 
a law that will furnish the woodland owners of the State the pro- 
tection that they require and demand. 

















